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The invention relates to a reactor tube that is used in 
the epitaxial deposition process ‘of forming thin ?lms of 
semiconductor material on a substrate material, and more 
particularly the invention relates to a novel design of -a 
reactor tube which produces a gas and vapor ?ow that is 
characterized by a relatively ?at velocity pro?le of the 
gas and vapor through the tube, thereby assuring more 
uniform deposition of semiconductor material onto the 
substrate. 
The epitaxial deposition process as applied to the manu 

facture of electronic semiconductor devices involves the 
deposition of a material in the vapor phase onto a mono 
crystalline substrate to form a monocrystalliue layer 
whose orientation is determined by that of the substrate. 
One popular epitaxial deposition process for forming, or 
growing, thin layers of silicon on a silicon wafer substrate 
utilizes the reduction by hydrogen of silicon tetrachloride. 
Brie?y outlined, this particular method involves the use 
of a graphite supporting member, called a susceptor, 
upon which substrates in the form of silicon wafers are 
placed. The susceptor is placed within an elongated quartz 
tube called a reactor tube and the silicon tetrachloride in 
the vapor phase is carried by pure hydrogen gas over the 
wafers. The susceptor, and in turn the wafers, are heated 
by induction heating to a su?iciently high temperature 
to produce a reaction of the gas and vapor to form hydro 
gen chloride (HCl) and silicon which epitaxially deposits 
on the wafer. For a more complete description of this and 
other epitaxial deposition processes, reference is made 
to the December 1963 issue of RCA ‘Review which con 
tains a number of articles relating to this subject and in 
which the use of various substrates, gases and vapors are 
discussed. 

In an arrangement of commonly used apparatus two 
parallel rows of wafers are positioned on the susceptor so 
that the rows lie on opposite sides of the central axis of the 
reactor tube. The reactor tube that commonly is used 
is a hollow cylindrically shaped member of quartz which 
abruptly terminates at its two ends at much smaller input 
and exhaust tubes which permit the hydrogen and silicon 
tetrachloride vapor (hereafter referred to as reactant) to 
pass through the tube and thus come into contact with the 
heated wafers. 

In order to produce good and acceptable semiconductor 
devices with a high degree of consistency, that is, high 
reproducibility, the epitaxial layers must be uniformly de 
posited on each wafer and the thicknesses of the layers 
on all of the wafers must be substantially the same, re 
gardless of the'position of the wafer within the reactor 
tube. In the past, the yield of good semiconductor devices 
has been less than desired becaused neither of the ‘above 
named features has been obtainable with any degree of 
assurance. By inclining the susceptor so that the down 
stream end is higher than the upstream end, and by assur 
ing that the susceptor is substantially uniformly heated 
throughout the region occupied by the Wafers, the uni 
formity of the epitaxially deposited layers from wafer 
to Wafer has been improved. However, the thickness 
of the deposited layers still was non-uniform on the 
individual wafers, it having been found that the por 
tions of the wafers adjacent to the central axis of the re 
actor tube had a thicker layer of deposited material than 
the outer portions that are farthest removed from the 
central axis. 
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I have determined that the non-uniformity of the de 

posited layer is a consequence of the nature of the ?ow of 
the gaseous reactant through the reactor tube, and the 
characteristics of this ?ow are in turn determined by the 
shape of the reactor tube at its input end Where the re 
actant enters the ‘tube. In the prior art tube wherein the 
cylindrically shaped reactor tube abruptly terminated in 
a much smaller input tube, the gaseous reactant ?owed 
from the input tube into the much larger reactor tube in 
the form of a jet in which the velocity of the reactant 
was greatest in the region ‘along the central axis of the 
tube and least in the region adjacent the walls of the re 
actor tube. This resulted in the existence of a velocity 
gradient transversely across the portions of the tube oc 
cupied by the wafers, with the result that a greater quantity 
of reactant passed over the portions of the wafers closest 
the central axis where the velocity was highest, and con 
sequently a greater quantity of material was deposited 
on the more centrally located portions of the wafers. 

It therefore is an object of this invention to provide 
a reactor tube for use in a deposition process which pro 
duces a more uniform velocity distribution characteristic 
of the ?owing gaseous reactant material thereby to pro 
duce a more uniform deposition of said material on sub 
strate material to be coated. ' 

In accordance with the present invention more uniform 
coatings are deposited on the wafer substrates by the use 
of a reactor tube whose input end is stepped in ‘a succes 
sion of increasingly larger diameters from the small diam 
eter of the input opening to the much larger diameter of 
the cylindrical body of the tube. The successive steps form 
a transistion section which has the e?ect of eliminating 
the jet-like characteristic of the entering gaseous reactant 
and produces a relatively ?atter velocity pro?le of the en 
tering reactant, whereby the quantity of reactant that 
?ows over each of the Wafers is more uniform in the direc 
tion transverse to the direction of flow. 
The present invention will be described by referring to 

the accompanying drawings wherein: 
FIG. 1 is a sketch illustrating a prior art reactor tube 

that commonly was used in the epitaxial deposrtion proc 
ess of manufacturing semiconductor devices and is used 
to point out the de?ciencies that accompanied the use of 
that type of reactor tube, and; 

FIG. 2 is a sketch that illustrates the use of a reactor 
tube constructed in accordance with the present inven 
tion. 

Referring now in detail to the drawings, 
. FIG. 1 illustrates a prior art reactor tube as used in 
the epitaxial deposition process of forming thin ?lms of 
semiconductor material on a substrate material. The re 
actor tube 10 is illustrated as being comprised of a main 
hollow cylindrical body portion 11 which is open at its 
left end and which abruptly terminates at its right. end 
into the much smaller input tube portion 12. A ball joint 
13 is provided at the input opening 14 to facilitate making 
a secure connection to a source of gaseous reactant ma 
terials, such as a hydrogen carrier gas and silicon tetra 
chloride vapor which are commonly used. The left end 
of reactor tube 10 is releasably secured to a standard 
joint member 15 which includes the much smaller diam 
eter exhaust tube 16. A susceptor 1:8 is positioned within 
the cylindrical body portion 11 of reactor tube 10 prior to 
the securing of the joint member 15 to the left end of 
reactor tube 10. Two parallel rows of substrate members 
20 are positioned on susceptor 18. In practice, the sub 
strate members may be waters of silicon material which 
are to be formed into transistors, diodes, or other types 
of semiconductor devices. 

' Susceptor 18 may be of a graphite or silicon material 
- and it may be inductively heated by an RF. magnetic 



3,338,209 
3 

?eld that is established ‘by the RP. coil 22 that is co 
axially disposed about the portion of reactor tube 10 
that is occupied by the susceptor 18. Inasmuch as the 
epitaxial process per se forms no part of the present in 
vention it will not'be described in detail, but reference 
again is made to the above-cited publication. 

' The gaseous reactant enters the input opening 14 of 
the reactor tube 10 under pressure that is established by 
the reactant source. The angularly shaped ?gures that ap 
pear throughout the input tube portion 112 are intended 
to‘ represent the velocity pro?les of the entering gaseous 
reactant, As illustrated, the velocity pro?les are quite 
sharp in the input tube 12 and at the entrance to the 
larger cylindn'cally shaped body portion 11 of reactor 
tube 10, thus indicating that the reactant enters this larger 
body portion 11 with a jet-like characteristic. ‘As further 
illustrated, this jet-like characteristic continues through 
out the larger portion of the reactor tube, including that 
portion occupied by a majority of the wafers 20. Because 
of the jet-like nature of the velocity pro?le of the enter 
ing reactant, a velocity gradient will exist across the por 
tion of reactor tube 10 in which the wafers 20 are posi 
tioned, and a greater quantity of reactant will ?ow along 
the central axis of reactor tube 10 than will ?ow along 
the boundary region of the reactor tube. As a consequence 
of the reactant ?owing with the velocity pro?les illustrated 
in FIG. 1, the epitaxially deposited layer of semicon 
ductor material will be thicker on those portions of the 
wafer that are nearer to the central axis of the reactor 
tube. This non-uniformity of deposited material ‘across 
the wafers is undesirable and often leads to inferior semi 
conductor devices. 
The problem resulting from the use of a reactor tube 

of the type illustrated in FIG. 1 is overcome by the use of 
a reactor tube of the type illustrated in FIG. 2. In this re 
actor tube the input end is comprised of a transition sec 
tion 26 that includes a succession of transitions 27, 28 
and 29‘ of increasingly larger diameters. The effect that 
the successively increasing diameter of the transition sec 
tion 26 has upon the velocity pro?les of the entering re 
actant is clearly illustrated in FIG. 2. As may be seen, 
the velocity pro?les become ?atter and ?atter as the re 
actant progresses through the transition section 26 and 
into the main body portion 11 of the reactor tube 10. In 
the region of the reactor tube 10 that is occupied by the 
wafers 20 the velocity pro?les of the ?owing reactant are 
but slightly curved so that substantially the same quantity 
of reactant ?ows across all parts of each wafer, thereby 
assuring a much more uniform deposit of material on 
the wafer surface. ' 

In one embodiment of the reactor tube of this invention 
' the tube was constructed of quartz and the main body por 
tion 11 and the transitions 29, 28 and 27 of transition sec 
tion 26 were cylindrical in shape and had approximately 
the following respective lengths and diameters, ‘which are 
expressed in inches: 30 x 3.75; 6 x 3.15; 5.5 x 1.18; 
4.5 x 4.75. It will be seen that the length of each transi 
tion is greater than its diameter and that the entire transi 
tion section 26 is considerably longer than the diameter 
of the main body portion 11 of the tube. This proportion 
ing of dimensions produced the relatively ?at velocity 
pro?les which are illustrated in simpli?ed form in 
FIG. 2. 

In the practice of the. epitaxial deposition process using 
a reactor tube of the type illustrated in FIG. 2, I have 
found that the uniformity of the deposited layers of semi 
conductor material is signi?cantly improved and the yield 
of acceptable semiconductor devices likewise has been 
improved. It.will be appreciated by those skilled in the 
art'that the taper from the smaller diameter input open 
ing 14 to the larger diameter body portion 11 of reactor 
tube 10 need not necessarily be accomplished by discrete 
steps in the diameter of the transition section 26. Alter 
natively, the transition section 26 may 'be of uniformly 
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4 
increasing diameter throughout its length so as to make 
a smooth ?are or taper into the main body portion 11 of 
the reactor tube 10. 

Furthermore, it is not absolutely necessary that the 
transition section 26 be part of the reactor tube 10 itself. 
Alternatively, the transition section 26 may be manu 
factured as a separate item which would serve as a joint 
which could be slipped into secure engagement with the 
open end of a standard reactor tube of the type illus 
trated in FIG. 1, in which case the direction of ?ow’ 
through the reactant tube would be reversed from that 
illustrated in FIG. 1 since the left end of the tube then 
would be connected to the input transition section. It fur 
ther will be appreciated that the reactor tube of this in 
vention is not restricted to use in the epitaxial deposition 
process, but it also is useful in the vapor diffusion proc~ 
ess of forming semiconductor devices. _ 

While the invention has been described in its pre 
ferred embodiments, it is to be understood that the 
words which have been used are words of description 
rather than of limitation and that changes within the 
purview of the appended claims may be made without 
departing from the true scope and spirit of the inven 
tion in its broader aspects. 
What is claimed is: Y 
1. Apparatus for use in depositing a ?rst material onto 

a substrate material comprising, 
an elongated hollow member adapted to receive said‘ 

substrate material and through which a gas may pass, 
means for causing said gas to pass through said elon 

gated hollow member with a relatively ?at velocity 
pro?le, said means comprising, 

a hollow transition section aligned with said elongated 
hollow member and having an output opening at 
one end whose transverse cross sectional area isv 
substantially the same as that of the elongated hol 
low member and having an input opening at its. 
opposite end whose cross sectional area is less than 
that of the elongated hollow member, 

the inner cross sectional area of said transition section 
increasing in stepwise manner throughout its length 
from that of the input opening to that of the output 
opening which joins said elongated hollow member, 

said transition section having a length greater than 
its maximum transverse dimension. 

2. Apparatus for ‘use in the deposition of a ?rst ma 
terial onto a substrate material comprising, 

an elongated hollow member adapted to receive said 
substrate material and through which said ?rst ma 
terial and through which said ?rst material may be, 
passed, 

an input opening for introducing said ?rst material 
into the region of said elongated hollow member that 
is to be occupied by said substrate material, 

said inputopening having a smaller inner transverse 
dimension than that of said elongated hollow member, 
and ' 

a transition member disposed between said input open 
ing and said elongated hollow member and having 
an inner transverse dimension which increases in 
stepwise manner from that of said input opening to 
that of said elongated hollow member, 

said transition member having a length that is greater 
than the increasev in the inner transverse dimension 
that is accomplished throughout its length. 

3. The combination claimed in claim 2 wherein said 
elongated hollow member, said transition section and said 
input opening are disposed along a ' central axis that‘ 
passes coaxially through said elongated hollow member. 

4. A reactor tube of a material suitable for use in de 
positing a ?rst material onto a substrate material compris 
mg: ' Q 

a hollow cylindrically shaped body portion, 
a hollow transition section aligned with and joined 

to said body portion, 
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said transition section having an input opening at its 
end farthest removed from the body portion which 
has a diameter smaller than that of the body por 
tion, 

said transition section having an inner diameter that 
increases in stepwise manner throughout its length 
from that of the input opening to that of the body 
portion, and said increase in diameter being less 
than the length of said transition section. 

5. The combination claimed in claim 4 wherein said 
transition section is comprised of a plurality of tubular 
sections of successively larger diameters. 

6 
6. The combination claimed in claim 5 wherein each 

of said tubular ‘sections has a length greater than its in 
ner diameter. 

7. The combination claimed in claim 5 wherein the 
length of said transition section is greater than the trans 
verse dimension of said cylindrically shaped body portion. 
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